Despite the lack of placebo-controlled trials, glucocorticoids are considered the mainstay of initial treatment for idiopathic inflammatory myopathy and myositis-associated interstitial lung disease. Glucocorticoid-sparing agents are often given concomitantly with other immunosuppressive agents, particularly in patients with moderate or severe disease. First-line conventional immunosuppressive drugs include either methotrexate or azathioprine, and when they fail, more aggressive therapy includes mycophenolate mofetil, tacrolimus or cyclosporine, intravenous immunoglobulin, rituximab, or cyclophosphamide, used alone or in various combinations. Further investigations are required to assess the role of more novel therapies in the treatment of myositis and myositis-associated interstitial lung disease.
disease pathogenesis. Novel classification schemes for IIM based on serologic and histopathologic features may also enhance trial design and treatment choices [5, 6] . Previously, outcome measures in myositis trials were poorly standardized and based on varying muscle strength and functional assessments. However, the past several years have heralded the introduction of consensus and data-driven core set measures to assess myositis disease activity and damage. In particular, two international groups, the International Myositis Assessment and Clinical Studies Group and the Pediatric Rheumatology International Trials Organization, have defined and validated consensus core set measures for assessing disease activity and damage in adult and pediatric populations [7] [8] [9] . Such outcome measures along with active international initiatives to develop both data-and consensus-driven response criteria will assist in studying both standard and novel therapies in a more systematic and rigorous fashion [10] . In this article, the authors review the immunomodulatory and immunosuppressive approaches in treating IIM, including both conventional therapeutic agents as well as more novel therapies in both PM and DM. Treatment of necrotizing autoimmune myopathy or overlap syndromes is the same as PM/DM. Inclusion body myositis is resistant to standard immunomodulatory or immunosuppressive therapy.
Glucocorticoid therapy
Despite the lack of controlled clinical trials, glucocorticoids remain the mainstay of initial treatment of IIM. Glucocorticoids normalize serum muscle enzymes and improve or preserve muscle strength [11] . They are generally initiated with prednisone at a dose of 1 mg/kg/day, often in divided doses and generally not exceeding 80 mg daily. After 4-6 weeks of high-dose oral glucocorticoid therapy, the prednisone dose is slowly tapered to the minimum effective dose using the general guideline of tapering the existing dose by 20-25% every month. When the daily prednisone dose reaches 5-10 mg/day, the tapering is frequently held for total duration of therapy from 6 to 12 months.
Patients with severe disease manifestations such as marked weakness, severe dysphagia or rapidly progressive interstitial lung disease require pulse intravenous methylprednisolone (1000 mg daily for three consecutive days) followed by the high-dose oral glucocorticoid regimen given above [12] . These patients generally should be started on a steroid-sparing immunosuppressive drug.
Although the total duration of oral glucocorticoid therapy is generally 9-12 months, approximately 50% of patients with IIM fail to completely respond to glucocorticoids alone [5] . In a retrospective cohort study of 113 patients with IIMs, many of those who responded to glucocorticoid monotherapy did not regain normal muscle strength and/or flared when glucocorticoids were tapered [11] . Although a lack of initial response or disease worsening on glucocorticoid therapy should lead to a re-assessment for myositis diagnosis, steroid myopathy or an unrecognized malignancy needs to be considered. A repeat muscle biopsy may be necessary to confirm the diagnosis. In the follow-up assessment of myositis patients, it is important that muscle strength be carefully monitored as a more clinically reliable indicator of treatment response than the levels of serum muscle enzymes such as the creatine kinase (CK). However, in many instances, the CK remains an excellent biomarker of myositis disease activity.
Although some patients with milder disease can be treated with glucocorticoid monotherapy, most of the myositis patients will require the addition of another immunosuppressive drug due to refractory disease, repeated disease flares, or to reduce the dose and duration of glucocorticoid therapy and associated side effects. Regardless of the choice of initial therapy, early treatment is associated with less muscle damage [11] .
Methotrexate & azathioprine
The first-line conventional immunosuppressive drug is generally methotrexate or azathioprine. Methotrexate is a folate antimetabolite that irreversibly binds to and inhibits dihydrofolate reductase, resulting in inhibition of DNA synthesis, repair and replication. Methotrexate can be administered orally or subcutaneously and the dose can be titrated up to 25 mg/week, if necessary. There are no placebo-controlled clinical trials of methotrexate in PM or DM. However, a randomized, open-label, assessor-blind, international multicenter clinical trial is ongoing in Europe to assess the efficacy and safety of combined methotrexate/glucocorticoid therapy as compared with glucocorticoid therapy alone [13, 14] . Several retrospective studies have suggested the efficacy of methotrexate in PM and DM patients, even in those where initial glucocorticoid monotherapy had failed [11, 15] . In a retrospective cohort study of 55 glucocorticoid-refractory IIM patients, methotrexate use was associated with a partial response in 31 and a complete response in 9 [11] . Although methotrexate is not specifically used to treat myositis-associated interstitial lung disease (MA-ILD), pulmonary toxicity leading to pneumonitis is rare but may present a diagnostic challenge in a myositis patient with underlying ILD; so, it should be used cautiously [16] . Methotrexate toxicity monitoring should include a complete blood count to assess for bone marrow suppression, along with assessment of liver enzymes and renal function.
Azathioprine is a derivative of mercaptopurine that inhibits purine metabolism, thus interfering with cellular replication. In a controlled double-blind trial, 16 patients with PM received 60 mg of prednisone daily plus either azathioprine (2 mg/kg/ day) or placebo for a period of 3 months [2] . There was no difference in muscle strength or CK between the two groups after 3 months. But in those patients receiving combination therapy, functional status was better and they required lower maintenance doses of prednisone 3 years later [17] . Some retrospective case series have suggested the efficacy for azathioprine in treating MA-ILD [18, 19] . In a series of 70 patients with MA-ILD, azathioprine treatment in 25 patients was associated with clinical improvement [19] . Controlled comparisons have suggested that azathioprine and methotrexate have similar efficacy [11, 20] . In a more recent study, survival at 10 years was higher in patients initially treated with methotrexate as compared with those receiving azathioprine, but this was not confirmed in multivariable modeling for the full follow-up period [21] . In contrast, another retrospective study in PM and DM patients showed that azathioprine was associated with improved survival [22] . Although methotrexate is usually considered as the first immunosuppressive agent in the treatment of IIM, azathioprine is preferred in patients with liver disease, those unwilling to abstain from alcohol or in the aforementioned case of MA-ILD. Azathioprine is given orally starting at 50 mg/day with dose escalation by 25-50 mg increments every 1-2 weeks up to 1.5 mg/kg/day. If the response is inadequate after 2-3 months of therapy, the dose can be increased up to 2 or 2.5 mg/kg/day. The azathioprine target dose is lower in patients with renal insufficiency. Monitoring parameters should assess bone marrow suppression, liver enzyme abnormalities and renal dysfunction. Azathioprine toxicity also includes flu-like reactions with fever, gastrointestinal symptoms and pancreatitis. The US FDA recommends screening for thiopurine methyltransferase deficiency prior to treatment with azathioprine.
In a randomized, crossover study of 30 patients with refractory IIM, including those who previously had inadequate treatment responses to either methotrexate or azathioprine alone, a combination of oral methotrexate and azathioprine was beneficial [23] .
Mycophenolate mofetil
MMF, a prodrug of mycophenolic acid, is a reversible inhibitor of inosine monophosphate dehydrogenase, thus inhibiting guanosine nucleotide synthesis that, in turn, results in inhibition of T and B lymphocyte proliferation. Use of MMF in inflammatory myopathies has been reported in several small case series [24] [25] [26] [27] . In an open study in seven patients with PM and DM refractory to steroid and/or immunosuppressants, MMF combined with IVIg resulted in complete remission [28] . Case series and uncontrolled studies have suggested the efficacy of MMF in treating refractory cutaneous DM [29, 30] .
Over the past decade, MMF has gained popularity in the management of MA-ILD. Two small case series suggested the efficacy with MMF in treating connective tissue diseaserelated ILD (CTD-ILD) [31, 32] . In another case series of four patients with DM-associated ILD on prednisone, the addition of MMF led to resolution of dyspnea and normalization of the pulmonary function tests (PFTs) in three patients after 1 year of follow-up, along with improvement in the diffusing lung capacity (DLCO) in another patient [33] . In the largest cohort of CTD-ILD, 125 patients (32 with PM or DM) treated with MMF for a median of 897 days showed significant improvements in forced vital capacity (FVC) at 52, 104 and 156 weeks and DLCO at 52 and 104 weeks [34] . There were trends toward statistically significant FVC% and DLCO% improvement among patients with PM or DM at 52, 104 and 156 weeks.
MMF is administered orally starting at 250-500 mg twice daily and increased by 250-500 mg increments every 1-2 weeks to the target dose of 1500-3000 mg/day. A lower dose is recommended in patients with renal insufficiency.
Cyclosporine & tacrolimus
T lymphocytes have been suggested as therapeutic targets in MA-ILD. In one study, infiltrating lymphocytes in MA-ILD patients revealed activated CD8+ T-cells [35] . In a recent study, a decrease in regulatory T-cells in interstitial pneumonitis was noted in rheumatic disease [36] . Use of tacrolimus and cyclosporine has been reported in inflammatory myopathies, particularly those with coexisting ILD [37] [38] [39] [40] [41] [42] .
Cyclosporine is a calcineurin inhibitor that inhibits the production and release of IL-2 and IL-2-induced activation of T lymphocytes. In a retrospective controlled study of 14 patients with DM and acute/subacute interstitial pneumonia, combination therapy with glucocorticoids and cyclosporine (4 mg/kg/day) within 12 days from diagnosis improved both PFTs and high-resolution computed tomography (HRCT) findings [39] . In another retrospective study of eight anti-Jo-1 positive PM patients with ILD who received oral cyclosporine, progression on HRCT was not significantly different, compared to that in subjects treated with cyclophosphamide [40] .
Tacrolimus is a second-generation calcineurin inhibitor that binds to an intracellular protein, FKBP-12, resulting in inhibition of T-cell activation. In a case series of eight patients with myositis (six with anti-Jo-1 and two with anti-signal recognition particle auto-antibodies; five with ILD), tacrolimus therapy resulted in an improvement in muscle strength and CK in all patients and in PFT parameters in three of five patients with ILD [42] . In a follow-up report, 13 patients with anti-synthetase-associated ILD (12 with anti-Jo-1 and 1 with anti-PL-12 auto-antibodies) received tacrolimus for an average of 51 months and showed significant improvement in muscle strength, CK and all PFT parameters [43] . In a more recent observational clinical study of 16 PM and 15 DM patients, tacrolimus led to an improvement in muscle strength and CK, 2-4 months after the initiation of therapy [44] . In three small series of patients with MA-ILD, tacrolimus use was beneficial in patients who had been refractory to cyclosporine [37, 44, 45] . Tacrolimus has been used as a first-line glucocorticoid-sparing agent [46] , but its use is generally reserved for patients with refractory disease due to concerns about its toxicity profile.
Cyclophosphamide
Cyclophosphamide, an alkylating agent, is generally reserved for myositis patients with severe or rapidly progressive interstitial lung disease, features of overlapping systemic vasculitis or those refractory to several other second-line agents. The reasons include a paucity of reports suggesting efficacy in the primary disease and concern about its serious side effects, particularly an increased risk of malignancy [47] .
Use of cyclophosphamide in MA-ILD has been reported in a few case reports and small series [48] [49] [50] . In a series of 17 patients with MA-ILD, patients received monthly intravenous cyclophosphamide (300-800 mg/m 2 monthly) for at least 6 months, in addition to daily prednisone [48] . In 11 of the 17 patients, dyspnea improved and of 7 patients who required supplemental oxygen, 6 later discontinued its use. Twelve patients showed improvements in vital capacity of at least 10% or demonstrated at least a 10-point reduction in a quantitative HRCT score.
Intravenous immunoglobulin
IVIg is an immunomodulatory agent thought to suppress inflammatory or immune-mediated processes. IVIg demonstrated efficacy in DM in a double-blind, controlled trial in 15 patients with refractory DM [3] . In another prospective open-label trial with 35 patients with PM, treatment with IVIg was associated with a significant clinical improvement in 70% of the patients, with stable efficacy reported in half of the patients, 3 years after stopping IVIg [51] . An alternative subcutaneous form of IVIg was associated with promising results in a small series of seven patients (four with DM and three with PM) [52] . Subcutaneous IVIg was administered by a programmable pump and the patient's usual IVIg monthly dose was divided into equal doses given subcutaneously at weekly intervals. All patients showed significant improvement in muscle strength, CK and quality of life, and were able to discontinue the immunosuppressive agents and reduce their maintenance prednisone dose. Few case reports have suggested that IVIg may be effective in the treatment of MA-ILD [53, 54] . The 2012 American Academy of Neurology guidelines support using IVIg for refractory DM, but there is insufficient evidence to support or refute its use in PM [55] .
IVIg is usually administered as infusions of 2 g/kg monthly, but the dose or interval can be changed based on the disease severity and response to therapy. A major advantage of IVIg is that it is safe in the setting of an active infection and can be used concomitantly with other immunosuppressive agents. The high cost of IVIg may influence decisions on its long-term use. Therefore, IVIg is generally reserved for patients with refractory disease or severe dysphagia, or as a salvage therapy in patients with severe and progressive MA-ILD resistant to conventional immunosuppressive therapy.
Rituximab
Rituximab, a B-cell depleting agent, is a monoclonal antibody that targets the CD20 antigen on B-cells. Several small case reports have suggested its in refractory IIM [56] [57] [58] [59] [60] . In a small, open-label, uncontrolled pilot trial in six treatment-resistant DM patients, rituximab therapy (4 weekly intravenous doses) was associated with major clinical improvement in muscle strength and rash [61] . In another small, open-label trial of rituximab in four patients with refractory PM, all patients demonstrated normalization of muscle strength and significant decline in CK levels [62] . However, in another open-label trial of rituximab in eight patients with adult DM, skin disease (skin scores based on Dermatomyositis Skin Severity Index) and CK levels did not significantly change from those at baseline and only three patients showed modest improvement in muscle strength [63] .
In the largest randomized, double-blind, controlled clinical trial in IIM (the Rituximab in Myositis [RIM] trial), 195 patients (75 with PM, 72 with DM and 48 with juvenile dermatomyositis; all refractory to glucocorticoid therapy and at least one immunosuppressive drug) were randomized to receive two 1-g rituximab infusions either at baseline or 8 weeks later [1]. The primary endpoint was the time to achieve the International Myositis Assessment and Clinical Studies Group definition of improvement (DOI) that was compared between the two groups (receiving rituximab early and late, respectively). Although the group receiving early rituximab demonstrated no faster response to therapy than the group treated later (thus failing to meet the primary outcome), the DOI was met by 83% of this refractory group of myositis patients with a median time to achieving the DOI of 20 weeks. Rituximab also showed a significant steroid-sparing effect as the mean prednisone dose decreased from 20.8 mg at baseline to 14.4 mg daily at the end of the trial. Moreover, patients who initially met the DOI and who were subsequently re-treated with rituximab after a disease flare also responded to re-treatment. Rituximab therapy was generally well tolerated and the most common adverse events were infections. Additional analysis of the RIM study data demonstrated that the presence of anti-synthetase and anti-Mi-2 autoantibodies along with juvenile DM subset, and lower disease damage were strong predictors of clinical improvement [64] .
The efficacy data of rituximab specific to MA-ILD is limited to case reports and case series [58, 59] . In a recent retrospective study of 50 patients with severe, progressive ILD (10 with MA-ILD), rituximab therapy was associated with a median improvement in FVC of 6.7% (p < 0.01) and stability of the DLCO (0% change; p < 0.01) in the 6-12-month period after rituximab therapy [65] . Among the CTD-ILD patients assessed in this study, the best outcome was noted in patients with MA-ILD, as 5 of the 10 (50%) MA-ILD patients showed an increase in their FVC by >10% and/or the DLCO by >15%, compared to 4 out of 22 (18.2%) patients with other CTD-ILDs (p = 0.096). In a more recent retrospective study in Europe, 24 patients with anti-synthetase syndrome and severe ILD with more than 12 months follow-up (median 52 months) post-rituximab therapy were identified [66] . The median percentage of predicted FVC, forced expiratory volume in 1 second and DLCO increased by 24, 22 and 17%, respectively, following rituximab therapy. HRCT findings (expressed as a percentage of total lung volume involvement) showed a median of 34% reduction in ILD extent following B-cell depleting therapy. Muscle strength (evaluated by manual muscle testing of eight muscle groups [MMT8]) also improved post-rituximab therapy and the CK significantly dropped as well. The best results (>30% improvement in all three PFT parameters) were observed in seven patients with a disease duration of <12 months and/or an acute onset/exacerbation of ILD. Since 10 of the 12 patients with acute disease also received cyclophosphamide, this study is difficult to interpret, as the response attributable to rituximab alone cannot be inferred. Of note, there were 7 deaths among the 34 rituximab-treated patients and 6 of the 7 deaths were related to infection (3 subjects had Pneumocystis jirovecii pneumonia).
Rituximab is usually administered as two 1-g doses 2 weeks apart, but the interval may vary. The decision on additional courses of rituximab therapy is generally made on a case-by-case basis. All patients should be screened for hepatitis B prior to therapy and high-risk patients require hepatitis C screening. Patients with a history of recovery from prior hepatitis B infection need to be monitored closely for clinical and laboratory evidence of HBV reactivation during rituximab therapy and for 1-2 years thereafter. Some suggest periodic monitoring of peripheral B-cell flow cytometry to assess for the return of CD20-positive Bcells.
Anti-TNF agents
Anti-TNF agents, etanercept and infliximab, have been used for the treatment of IIMs, but the outcomes have been mixed and their efficacy is yet to be established. In a series of five patients with DM resistant to steroid and cytotoxic therapy, etanercept therapy (25 mg subcutaneously twice a week for at least 3 months) was associated with worsening muscle weakness, elevation of muscle enzyme levels and unchanged rash in all patients [67] . After the discontinuation of etanercept, patients improved with the combination of methotrexate and azathioprine therapy. In contrast, in a more recent randomized, double-blind, controlled trial of etanercept (50 mg subcutaneously weekly for 52 weeks) in 16 DM patients, etanercept therapy was associated with a significantly longer median time to treatment failure and a significantly lower average prednisone dose after week 24 [68] . Given the small number of patients in this study, further studies are needed to clarify the role of etanercept in IIM.
A few anecdotal reports suggested the efficacy of infliximab in IIM [69] [70] [71] , but a follow-up report of two patients initially responding showed that they worsened later and resuming infliximab was associated with anaphylaxis and the development of anti-dsDNA autoantibodies [72] . In a larger retrospective series of eight patients with refractory DM or PM, infliximab therapy was associated with improved motor strength, but only a partial decline in serum CK [73] . In a more recent pilot study of 13 patients with refractory IIM, infliximab therapy (four infusions of 5 mg/kg body weight over 14 weeks) was not effective, with no patient showing improvement in muscle strength [74] . An unpublished randomized controlled trial of infliximab in IIM also failed to demonstrate efficacy [75] . A multicenter, open-label, controlled trial of infliximab combined with weekly methotrexate in patients with PM or DM was terminated prematurely because of a low inclusion rate and high dropout due to disease progression and the infusion reactions [76] .
In general, anti-TNF therapy is not routinely used in myositis, given the negative studies as well as the recent reports suggesting its potential for inducing PM and DM [77] [78] [79] [80] .
Adrenocorticotropic hormone gel
Adrenocorticotropic hormone (ACTH) gel is a long-acting, full-sequence ACTH that includes other proopiomelanocortin peptides. Melanocortin receptors are widely distributed in peripheral cells and their activation by natural or synthetic ligands is thought to have antiinflammatory and immunomodulatory effects [81] .
In a recent retrospective case review, five patients with refractory myositis (three DM, two PM) received ACTH gel subcutaneous injections of 80 U (1 ml) twice weekly (four patients) or once weekly (one patient) for 12 weeks. All patients showed improvement in muscle strength as well as resolution of rash [82] . All patients tolerated the ACTH gel therapy well, and no major side effects occurred.
ACTH gel has been an FDA-approved treatment for PM and DM since 1952 and its approval was retained by the FDA in 2010. Therefore, some clinical rheumatologists are considering ACTH gel in refractory IIM patients or those who are unable to tolerate the glucocorticoidrelated side effects. However, the clinical efficacy of ACTH gel has not been established and an open-label clinical trial is underway to evaluate the efficacy and safety of ACTH gel in refractory PM and DM [83] 
Tocilizumab
Since the approval of tocilizumab, an antagonist of the IL-6 receptor, for rheumatoid arthritis, there has been growing interest in assessing the potential efficacy of this biologic agent in other systemic rheumatic diseases including IIMs. Mononuclear inflammatory cells in IIM implicate the production of pro-inflammatory cytokines such as IL-6, which is overexpressed in the serum of IIM patients [84, 85] . While IL-1α, IL-1β, TGF β1-3 and the type I interferon signature are the dominant cytokines expressed in the muscle tissue of patients with IIMs, IL-6 is also observed [86] .
In the first report of tocilizumab therapy in IIMs, two patients with refractory PM demonstrated improvement in the serum CK level and MRI of their thigh muscles [87] . There were no adverse events except for a mild elevation of serum low-density lipoprotein in one patient. In another more recent report, a 32-year-old Japanese patient with an overlap syndrome, including features of DM (proximal muscle weakness, heliotrope rash and Gottron's sign) and systemic sclerosis, initially responded to high-dose prednisolone therapy, but later had worsened muscle weakness and serum CK elevation [88] . Trials of cyclosporine, intravenous cyclophosphamide, IVIg and tacrolimus followed by methotrexate and adalimumab in combination were ineffective or partially effective, and he subsequently developed inflammatory arthritis associated with anti-cyclic citrullinated peptide positivity. Tocilizumab therapy led to resolution of skin rash and improvement in arthritis 1 month later, along with gradual improvement in the muscle weakness and serum CK elevation, allowing glucocorticoid dose tapering.
An investigator-initiated, randomized, multicenter, double-blind, controlled trial is ongoing to assess the efficacy of tocilizumab and its potential role in refractory adult PM and DM, with the University of Pittsburgh as the coordinating center [89] .
Abatacept
CD28 and CTLA-4, costimulatory molecules, are up-regulated in the muscle of PM and DM patients [90, 91] . Abatacept, which targets CD80 and CD86 on antigen presenting cells, was successful in a refractory PM [92] patient, while a child with severe recalcitrant juvenile dermatomyositis with ulcerative skin disease and progressive calcinosis responded well to combination therapy with abatacept and sodium thiosulfate [93] . In another case report from Japan, abatacept therapy was associated with a favorable outcome in the treatment of refractory anti-signal recognition particle-positive myositis [94] . In a more recent report from Europe, a patient with severe myositis in overlap with rheumatoid arthritis, peripheral vasculitis and ILD, who had been refractory to many conventional and biologic therapies, responded well to abatacept and showed good control of myositis [95] . An ongoing clinical trial (ARTEMIS) is underway to further assess the efficacy of abatacept in refractory IIM.
Alemtuzumab
Alemtuzumab, a humanized monoclonal antibody, binds the cell-surface glycoprotein CD52 on B and T lymphocytes, monocytes, macrophages and NK cells, interfering with T-cell signaling, thus leading to alteration in the number and properties of both B-and T-cells.
In a report, a single course of alemtuzumab (120 mg over 4 days) was associated with rapid improvement in muscle strength in a 48-year-old woman with refractory anti-Jo-1 positive PM, ILD and pulmonary artery hypertension [96] . Unfortunately, there was no improvement in the respiratory function following alemtuzumab and sildenafil therapy and the patient died 1 year later.
Sifalimumab
There is growing evidence that type I interferon (IFN-α/-β)-mediated innate immunity may be involved in the pathogenesis of IIMs. In a study of 67 patients with DM, PM and other myopathies, clusters of genes known to be induced by IFN-α/-β were overexpressed in DM patients (n = 14) as compared to controls [97] . A follow-up study from the same group showed similar findings of overexpression of type I interferon genes including IFI27, IFI44L, RSAD2 and IFI44 [98] . In another study, a striking interferon signature with increased levels of interferon-regulated cytokines was noted in DM serum samples, both of which correlated with disease activity [99] . Using peripheral blood samples and clinical data from 56 patients with adult or juvenile DM, the type I interferon gene and chemokine signature and serum levels of IL-6 correlated with each other and with myositis disease activity [100] .
A recent Phase Ib randomized, double-blinded, controlled, multicenter clinical trial evaluated sifalimumab in PM and DM [101] and found the drug therapy to be associated with suppression of the interferon signature in blood and muscle tissue, which correlated with clinical improvement.
Conclusion
Despite the lack of placebo-controlled trials, systemic glucocorticoids are considered the mainstay of initial treatment of the IIMs, specifically PM and DM. Glucocorticoid-sparing agents, either methotrexate or azathioprine, are often begun concomitantly with glucocorticoids, particularly in patients with moderate or severe disease and presenting to tertiary care centers. If these agents fail, other conventional or biologic immunosuppressive or immunomodulatory agents are sequentially used alone or in various combinations (Table  1 & Figure 1 ).
Expert commentary
Traditional therapy for IIMs includes systemic glucocorticoids and conventional immunosuppressive or immunomodulatory agents. However, the treatment of refractory IIMs can be difficult. Some of the immunosuppressive agents are more appropriately used when certain manifestations predominate, such as MMF for MA-ILD and refractory cutaneous disease and tacrolimus or cyclosporine for MA-ILD. Various combinations have been studied, such as methotrexate and azathioprine, but others can be considered as well, such as tacrolimus and MMF or methotrexate and MMF in patients with refractory IIM.
There is growing interest in investigating novel drugs including newer biologics that target various pathways involved in the pathogenesis of myositis. Over the last decade, there have been several small case series and a limited number of clinical trials attempting to evaluate the efficacy of biologic agents in IIMs, even though data remains limited.
Five-year view
Additional well-designed controlled trials are required to develop an evidence-based approach for the treatment of IIM and MA-ILD. Novel schemes for classification of IIMs based on serologic and histopathologic features can provide guidelines for enrolling subjects. Emerging, validated consensus core set measures will further assist in assessing myositis disease activity and damage and studying novel therapies in a more rigorous fashion in future clinical trials. Further investigations are required to assess the role of novel therapies such as ACTH gel, anti-IL6 (tocilizumab), anti-IFN-α (sifalimumab), inhibition of T-cell costimulation (abatacept), along with alemtuzumab (a humanized monoclonal antibody which binds CD52 on B and T lymphocytes), fingolimod (a sphingosine-1-phosphate receptor modulator that traps T lymphocytes in the lymphoid organs), eculizumab (which targets C5 and inhibits the cleavage of C5 to C5a and C5b-9) and basiliximab (a monoclonal antibody that blocks the IL-2 receptor alpha chain on T and B lymphocytes). 
